Unique pharmacology of KAR-2, a potential anti-cancer agent: absorption modelling and selective mitotic spindle targeting.
Bis-indols are a large group of the anti-cancer agents, which effectively arrest the uncontrolled division of the cancerous cells. Their use in clinical chemotherapy is still limited because of: (i) the non-specific targeting of the mitotic cells; (ii) low bioavailability of the drugs. KAR-2 has been identified as a tubulin binding agent which displays significantly lower cytotoxicity but favourable anti-cancer potency than its mother molecule, vinblastine. The objective of this paper, on one hand, was to show that the human intestinal epithelial Caco-2 cells, used for pharmacokinetic studies display distinct sensitivity against KAR-2 and vinblastine due to their distinct targeting of mitotic and interphase microtubular systems. We showed that KAR-2 impeded specifically the cell division. On the other hand, we elucidated the transport mechanisms of KAR-2 as compared to vinblastine, applying pharmacokinetic modelling based upon the combination of the data obtained from in situ animal and in vitro cell level experiments. The Caco-2 cell line and in in situ intestinal perfusion experiments in rat small intestine showed that vinblastine and KAR-2 are substrates of secretion transporters but with different affinity and KAR-2 presents a higher passive diffusion permeability. The information obtained from the kinetic modelling of each type of experiments rendered it possible to apply a single mathematical model to the whole (in vitro and in situ) data set including the adequate scale-up parameters. The model was validated by means of a model selection procedure based on the goodness of fit indexes to the experimental data. This unified quantitative model which characterizes the absorption/efflux features of KAR-2 as compared to vinblastine revealed its more favourable intestinal permeability. In addition, our pharmacokinetic analyses evaluated in this study showed the advantages of the modelling approach in maximizing of the information obtained from experimental data.